In this paper, 44 listed A-share household electrical appliance enterprises are used as samples, using a three-stage DEA method. The purpose is to remove the factors that affect the input variables, and then evaluate the technical efficiency of the company. The effect is significant in the removal of the environment and random factors; the pure efficiency of about 0.1 points to enhance, while the scale of efficiency has a very large decline in the proportion of 0.5 points down, before and after a great change. This shows that the removal of the environment and random factors to examine the operating efficiency of listed home appliances is necessary.
Introduction
After the reform and opening up, along with the rapid development of China's economy, China's home appliance industry has developed rapidly, from the beginning of the original equipment manufacture to the establishment of free brands, such as Haier in the world is very well-known. With the development of home appliance industry, the industry is already very mature, which means that this is a highly competitive industry and is a Red Sea. At this time, the competition is not one aspect of technology competition, but all aspects. This time, the competition is not competition between domestic enterprises, but the global competition between enterprises. At this point, to enhance enterprises' core competitiveness is imperative. But China's current manufacturing industry is generally L. J. Du the irrational capital structure, lack of growth capacity. Therefore, it is necessary to analyze the technical efficiency of household electrical appliance enterprises. This paper is from the industry point of view to study the efficiency between enterprises, and the use of data is from 44 home appliances listed companies. There is a demonstration of the effectiveness of the entire industry to promote the efficiency of refreshing and development is also very important. At present, the research methods of enterprise efficiency include Fuzzy Comprehensive Evaluation (FCE), Analytic Hierarchy Process (AHP), Stochastic Frontier Analysis (SFA) [1] , and data envelopment analysis [2] . However, the above methods have their own shortcomings: fuzzy comprehensive evaluation (FCE) and stochastic frontier analysis (SFA) to consider the weight of additional subjective arbitrariness; and the Analytic Hierarchy Process (AHP) elements of choice are critical. Factor selection is unreasonable or the correlation between elements is not good; the results are not ideal, and may not get results. In order to remove the defects of the above methods, Charnel, Cooper, et al. [3] in 1978 founded the DEA-CCR model, which was the first proposed DEA model. However, the use of CCR model is conditional. It requires the sample to be constant, but the sample is usually variable in size.
Then, Banker, Charnes and Cooper put forward DEA-BCC model on the basis of CCR model [4] . This model is further divided into pure technical efficiency (SE) and scale efficiency, TE = PTE * SEO. Technical Efficiency refers to the percentage of the minimum cost and the actual cost required to produce a certain quantity of products in accordance with the established input ratio of the elements under the condition that the output scale is constant and the market price is constant. The DEA-BCC model is more specific and accurate to analyze the management level, but DEA-BCC also has its own shortcomings of customer service, it does not take into account the existence of external environmental factors, while SFA, which is based on DEA-BCC, is proposed by Timmer [5] , and the stochastic frontier analysis (SFA) is proposed, which takes into account the effect of external model factors on efficiency. The use of three-stage DEA method is based on the DEA-BCC combined with a method of SFA.
DEA model has the advantage of non-parametric estimation and optimal efficiency evaluation index and input and output variables dimension selection has nothing to do, which also makes its application more convenient; the same time, DEA to avoid the parameters of the various restrictions, the use of linear programming to determine And whether the corresponding points of the decisionmaking unit are located on the frontier of effective production to measure the efficiency of each decision-making unit. Farrell (1957) was the first to use the DEA model for productivity analysis [6] . Chinese scholars engaged in DEA research began in 1986; Professor Wei Quanling in the domestic popularization and promotion of DEA method played a positive and important role [7] . DEA can be divided into single-stage DEA, two-stage DEA, three-stage DEA and other methods. Although the single-stage DEA method can evaluate the performance of multiple outputs, it neglects the influence of exogenous variables such as envi-ronmental factors, bad luck, error factors, which can affect the input index, so the calculated efficiency value is probably not accurate Which reflects the true value of management efficiency. The two-stage DEA method is a special case of DEA. It determines the influence of environmental factors on the first stage efficiency evaluation, but it results in non-stochastic, The three-stage DEA method is proposed by Fried et al. [8] , which includes both environmental factors and statistical noise in input slack variables, and considers the effect of these two kinds of information on the efficiency of producers. As the three-stage DEA overcomes the shortcomings of single-stage DEA and two-stage DEA, it cannot make the non-operating factors (external environment and random error) homogeneity of decision making units, so that each decision unit is in the same environment and random circumstances, (Jondrow et al., 1982) [9] . Therefore, when the object is homogeneous and non-operating factors, the three-stage DEA is often more superior. In addition, compared with the classical DEA method, the three-stage DEA method is more in line with the economic reality [10] .
In view of the home appliance listed companies are facing very different external factors, such as company size, time to market, sales revenue growth, the local residents' income differences, only to the company and the different external factors after stripping, to the company's operating performance to make accurate and objective evaluation. The three-stage DEA can effectively eliminate the environmental factors and random factors such as uncontrollable factors on the efficiency of all sample companies will be placed in a homogeneous environment. Therefore, using three-stage DEA method to evaluate the performance of home appliance listed companies should be able to obtain more real and reliable research results.
Based on the above analysis, this paper takes 44 major listed companies listed on the Shanghai and Shenzhen Stock Exchanges as the sample, based on its financial data in 2015, using three-stage DEA method to study its technical efficiency, put forward to improve technical efficiency Effective recommendations, and strive to promote the home appliances industry to achieve sustained and rapid development of listed companies, but also for other industries listed companies to provide reference for the evaluation of business performance.
The structure of this paper is as follows: The second part is the research design, the construction of the three-stage DEA model, the selection of the sample and each index, and the explanation of the third part. The third part is the empirical analysis, including the performance evaluation of the home appliances listed companies as well as the feasibility analysis; the last part is the main conclusions of this paper and related policy recommendations. (1984) . Based on the assumption of variable returns, we can study the efficiency of the decision-making unit. The measured technical efficiency can be decomposed into pure technical efficiency and economies of scale. Suppose that n decision making units are evaluated, the data includes m input variables and s output variables, Y k is the technical efficiency of the Kth decision unit, y rk is the rth output variable of the Kth decision unit, x ik is the k And the ith input variable of each decision unit, λr and θi denote the weight coefficient of the rth output variable and the ith input variable respectively, U k represents the scale compensation index of the kth decision unit. The input-oriented BCC-DEA model can be expressed as: 2) The SFA method was used to eliminate the influence of environmental factors and random errors. Firstly, based on the stochastic frontier production function, the reasonable environment variables are selected as the explanatory variables. The redundancy variables (the difference between the ideal input and the actual input) of the m input variables of the n decision-making units analyzed by the traditional DEA model in the first stage, establish the following multiple linear regression model:
where ik S is the redundant variable of the ith input variable of the kth decision unit (i.e., input redundancy); ( )
is the impact of the environment variable on the input redundancy ik S ;
, , , δ , and reflect the management inefficiency. Then, the input variables are adjusted by using the results of (2). All the decision elements are adjusted to the same environmental conditions, and the effect of random error interference is eliminated, so that the actual input value of eliminating environmental factors and random errors is calculated. The adjustment is as follows:
where ˆi k x and ik x are the adjusted input values and the adjusted input values, ˆi β is the estimated coefficient of environmental variables,
is all the decision-making unit adjusted to homogeneous environmental conditions,
that all decision-making unit of the random Error adjustment to the same state, thereby eliminating the impact of accidental factors.
DEA analysis was performed on the adjusted input-output variables. The efficiency of each decision unit is calculated by using the BCC-DEA model. The efficiency value of the decision unit is the efficiency value which is eliminated by the environmental factor and random error.
Sample Selection
This paper selects 44 major home appliances companies listed in the Shanghai and Shenzhen stock markets as the sample, and uses three stages DEA to study the industry classification of the stock market by using the three-stage DEA model for business performance measurement and evaluation.
The Selection and Description of Variables
The variables selected in this paper are listed in Table 1 .
Selection of Input Variables
Investment indicators to fully reflect the company's investment, so this paper selected the following three input indicators: 1) The number of employees, employees are the main creators of corporate wealth, and also, household electrical appliance enterprises are labor-intensive industries, so the number of employees can better reflect the company's business activities; 2) Net fixed assets, fixed assets in the production process can play a long-term role, and in the home appliance industry, fixed assets account for a large proportion of assets, so using the net 3) The main business costs, which must be invested in the production of direct costs, reflecting the most important input of a company's business activities.
The Selection of Output Indicators
The choice of output variables should reflect the company's operating results.
Therefore, this paper selects the following two output indicators from the two aspects of growth ability and profitability: 1) main business income ( ) 1 Y , reflecting the cost of the main business; 2) net profit, reflecting the company's profitability and business performance.
Selection of Environment Variables
Environmental variables should select those factors that affect the technical efficiency of listed cultural companies, but cannot control and change in a short time. Taking into account the characteristics of the development of cultural industries, this paper selected the following factors as environmental variables : 1) time to market ( ) 1 Z , the company listed sooner, the earlier capital funds can help the development of enterprises, the development of enterprises is essential (in the paper, time to market less than one year as a year); 2) operating income year on year growth rate ( ) 2 Z , although in the same industry, but because of the development of enterprises there is a growth cycle, the growth rate of different enterprises is not the same, this year with operating income growth rate does not reflect the development of enterprises stage; 3) the per capita GDP of the province ( ) 3 Z , which is a criterion for measuring the level of economic development and the standard of living of the people. It is very important for the attraction of the labor force to preheat talent, and the per capita GDP reflects the external environment, the good or bad. The data of the environment variables selected in this paper are derived from the data.
When the DEA model is used to evaluate the efficiency, both input and output indicators must meet the hypothesis of "co-directivity", that is, the input and output indicators should meet the positive correlation and reflect the causal relationship between input and output indicators, Making the evaluation more convincing (James et al., 1989) . Therefore, the Spearman correlation test of each input and output index is carried out. The results are shown in Table 2 : the input and output of the correlation coefficient between the positive, to meet the DEA model "isotropic" hypothesis. 
The Second Stage DEA Treatment
In order to eliminate the influence of external factors on corporate debt financing efficiency, the absolute value of the input slack variables of each DMU before SFA adjustment and the above three environment variables are taken as explanatory variables and explanatory variables respectively, and the SFA regression model is substituted. And use Jondrow's method to separate the management factors and random factors, excluding their impact on the input relaxation variables. In this paper, we use Frontier 4.1 software to estimate the parameters of SFA model. The regression results are shown in Table 4 .
As can be seen from Table 4 , the environmental variables selected in this paper all pass the significance test and are significant at the 1% level, indicating that the external environmental factors have significant effects on the input relaxation variables; the R value represents the ratio of the variance of the management technology inefficiency to the total variance. The R value of each input slack variable in Table 4 Note: ***indicates that the correlation is significant when the confidence level (double test) is 0.01; **indicates that the correlation is significant when the confidence level (double test) is 0.05; *indicates that the correlation is significant when the confidence level (double test) is 0.1.
sooner the company's time to market, the number of employees and the size of the company's slack variable is greater, the more conducive to the improvement of technical efficiency. On the contrary, the main business costs will be reduced, and the improvement of technical efficiency will have a certain role in promoting. This conclusion is consistent with theoretical expectations. Because the sooner the listing of the company the more likely to over-expansion.
2) Operating income year-on-year growth rate. This variable has a significant negative correlation with the number of employees, the net fixed assets and the cost of relaxation of the main business variables. In other words, the greater the growth rate of operating income year on year, the smaller slack variables of the number of employees, net fixed assets and cost of the main business of the relaxation of the smaller variables, and the more conducive to improving technical efficiency.
3) Enterprise province GDP per capital. This variable was significantly negatively correlated with the number of employees, the cost of core business slack, and the positive correlation between the variable of net fixed value of assets. This means that with the increase in GDP per capital, the number of employees, the cost of relaxation of the main business variables to reduce the fixed-asset net value of the relaxation variable increases. This is in line with expectations. GDP is directly related to local wage levels, land rent and other cost costs are positively correlated. The higher the per capital GDP of enterprises in the province, the more emphasis on the number of employees and operating costs of control.
The Third Stage DEA Treatment
Because of these environmental variables on the impact of the sample companies are positive and negative, so that may lead to heterogeneous external factors appear unequal efficiency of the company sort. Therefore, the original input variables must be adjusted so that all companies on the same business environment and luck after the evaluation to accurately examine the efficiency level. For all companies to face the same operating environment and luck, this paper based on the results obtained in Table 4 to adjust the original input variables, the adjusted input variables and the original output variables using Max-DEA software to run BC 2 model again. Get the third stage of the company's efficiency and scale pay status, the results shown in Table 5 .
By comparing the observed Table 3 and Table 5 Recco Defense, Boss Electric, Skyworth Digital, Listed companies that are at the frontier of technological efficiency before the adjustment are not able to remain at the frontier of technical efficiency after SFA adjustment, indicating that their prior good technical efficiency does not fully reflect their own real technical efficiency, Its favorable environment, including Macro, Recco Defense, Skyworth Digital, Zhejiang a.u., four US companies technical efficiency decreased significantly, operating performance vulnerable to external factors. Overall, the company's comprehensive technical efficiency has big difference, the maximum and minimum difference between the value is 0.92, indicating that there is an imbalance between the development of various home appliances listed companies; For the size of the company's remuneration, the adjustment of investment causes the scale of income status change: removing the scale efficiency the three listed companies which have reached the optimal, other companies are in the scale of increasing returns, the proportion of Avenue 93.19%. Indicating that the scale of production of these companies also need to be reasonably expanded; 34.1% of the listed companies are in the pure technical efficiency state, indicat-ing that there is still much room for improvement in the internal governance level of the home appliances listed companies.
From Table 3 , it can be seen that the average technical efficiency of household appliance listed companies is 0.736 before adjustment of input variables, 0.358 after adjustment, the technical efficiency increases from 0.837 to 0.971, the scale efficiency decreases from 0.883 to 0.368, The pure technical efficiency has a small increase, but the scale efficiency value of the decline is obvious, and thus lower the value of technical efficiency. In summary, after excluding external factors, the average efficiency value of listed companies has changed. The external environmental variables and stochastic factors have indeed affected the performance of China's household electrical appliance companies, and thus once again confirmed the use of Three-stage DEA method to make home appliances listed companies in the same external environment to evaluate the feasibility and necessity.
Conclusion and Implications
1) After the SFA adjustment, the pure technical efficiency of the listed companies of home appliance has a small increase, but the value of the scale efficiency drops obviously, and the value of the technical efficiency is also lowered. The efficiency of the integrated technology shows that the external environment of the company is closely related to the efficiency of the company: the time to market is positively related to the efficiency of the company, while the revenue growth rate is negatively related to the efficiency of the company. Therefore, it is a useful way to improve the performance of listed companies in home appliance industry by improving the external environment factors and utilizing the favorable external factors to fully explore the efficiency of listed companies.
2) The level of internal management of listed companies of household appliances is relatively good, but there is room for further improvement. This shows that China's household electrical appliance listed companies in the internal governance efficiency are at a good level, but have not yet reached the optimal state; the development of resources should be more scientific and rational planning to avoid waste of resources, and constantly strengthen the development of household electrical appliances and innovation; 3) Expanding the scale of production to improve the performance of listed companies in the home appliance industry is an effective way, because the vast majority of home appliance industry listed companies are still in the state of increasing returns to scale, so the household appliances listed companies should break the local market boundaries to promote the integration of household electrical appliance industry resources, through appropriate expansion of the scale to enhance the company's operating performance.
